Study of hyperkyphosis, exercise and function (SHEAF) protocol of a randomized controlled trial of multimodal spine-strengthening exercise in older adults with hyperkyphosis The online version of this article, along with updated information and services, can be
Introduction
Age-related hyperkyphosis, an abnormal forward curvature in the thoracic spine, is a common progressive deformity of the spine that affects up to 50% of older adults. [1] [2] [3] Hyperkyphosis can lead to significant deterioration in health status, physical mobility and quality of life. Women with hyperkyphosis have slower walking speed, difficulty climbing stairs, impaired balance, and greater risk for falls, fractures and mortality. 2, [4] [5] [6] [7] [8] Risk factors for hyperkyphosis include advanced age, low bone mass, degenerative disc disease, and prevalent vertebral fractures. [9] [10] [11] Furthermore, routine poor posture, decreased spinal extension mobility, and reduced back extensor muscle strength are other commonly cited potential causes of age-related hyperkyphosis, [12] [13] [14] and these impairments may be modifiable with exercise.
Despite the adverse effects on health, physical function and quality of life, hyperkyphosis has only recently started to be recognized by health care providers as a major health concern. 15 There is no standard of care for treating hyperkyphosis. Current treatment options include exercise and bracing. We conducted an uncontrolled pilot study of an exercise program targeting spinal muscle strength among older women with hyperkyphosis that resulted in a significant improvement in kyphosis, spinal muscle strength and physical performance. 16 A recent systematic review, including 7 randomized controlled trials (RCT) to determine the effects of exercise on kyphosis, found that exercise targeting back extensor muscle strength may result in a modest improvement in kyphosis. 17 However, a clear recommendation for a treatment intervention was not possible due to the small sample sizes, heterogeneity of the study subjects, and different and un-validated measurements of the outcome variable of kyphosis. There is a need to perform a high-quality RCT that is adequately powered and uses validated outcome 6 measurements of kyphosis, to determine whether targeted spine strengthening reduces hyperkyphosis in older adults. Furthermore, few of the prior studies included outcome measures of physical function and it is not known whether exercises designed to reduce kyphosis will also lead to improvement in physical function. Spinal orthoses reportedly reduce excessive kyphosis, improve spinal extensor muscle strength and physical performance although they have only been tested in women with underlying spinal osteoporosis. 18 Based upon the results of our previous pilot study, we designed an adequately powered, high quality randomized trial to test the hypothesis that a targeted multimodal spine strengthening exercise program will lead to a clinically meaningful change in kyphosis in community-dwelling hyperkyphotic adults aged 60 years and older. The rationale underlying such an intervention is that hyperkyphosis increases with age, contributes to impaired physical function, and that hyperkyphosis will be improved by an exercise intervention targeting musculoskeletal impairments associated with hyperkyphosis.
We are conducting a single-blinded randomized controlled trial of a multi-modal spine strengthening exercise intervention: 1) to determine if the exercise intervention improves kyphosis, measured as Cobb angle using lateral spine radiographs, 2) to determine if the exercise intervention improves secondary outcome measures of physical function and health related quality of life, measured using the modified Physical Performance Test, gait speed, Timed Up and Go, Timed Loaded Standing, and the PROMIS Global Health Index and Physical Function Index, and 3) to determine if the exercise intervention improves spinal muscle strength and/or spinal muscle density and if change in these factors is associated with change in physical 7 function.
Method

Study Setting
The study is conducted at the University of California San Francisco (UCSF), an academic medical center, with a second intervention location at the Kaiser Permanente Northern California (KPNC) San Francisco Medical Center.
Trial Design
This is a single-blinded randomized, controlled trial comparing a 3 times per week group exercise intervention with a monthly health education group class (Clinical trials, govidentifier NCT01751685 with a 1:1 allocation ratio. The study is enrolled in five waves of 20 participants, with 10 participants randomized to intervention and 10 participants to control in each wave ( Figure 1 ). Participants are randomized in equal proportions to intervention or control using randomly permuted blocks of 2 and 4, stratified by age and sex. Treatment assignments are generated prior to the study, and placed in order in sealed, opaque envelopes with stratumspecific sequential ID numbers. Consenting participants fulfilling study eligibility criteria are assigned the next available ID number for the appropriate age and sex stratum by the study staff.
The envelope is opened at the end of their baseline study visit. The date and time each envelope is opened is recorded in a log along with participant ID to ensure integrity of the randomization. actively flex shoulders to 90 degrees, inability to move from standing to supine on a mat and return to standing independently or with the use of a nearby chair).
Participants
Intervention
The intervention is a multi-modal group-based kyphosis-specific exercise program that was developed and initially tested during our previous pilot study. 16 The exercise program targets multiple musculoskeletal impairments that are known to be associated with hyperkyphosis, including spinal extensor muscle weakness, decreased spinal mobility, and poor postural alignment ( Table 1 upper and lower extremity muscles in older adults. 22 For all strengthening exercises (quadruped arm and leg lift, prone trunk lift, sidelying thoracic rotation/extension and sidelying leg lifts) we implement a gradual, ramped protocol for the first 6-weeks, beginning without resistance, while participants learn the exercises, and gradually progressing the intensity of the exercise with theraband or resistance with weights to light (30-40%), moderate (50-60%), then high (70-80%) intensity resistance based upon perceived exertion until a Borg Scale intensity of 4-5 is reached. 23, 24 When exercising at a Borg Scale intensity of 4-5, within the first 2 repetitions, one typically rates the level of difficulty as "somewhat hard" to "hard". If the participant rates the difficulty less than "somewhat hard", the resistance will be increased, or if the participant rates difficulty as more than "hard", resistance will be reduced. The goal is to perform 2 sets of good quality movements in the range of 70-80% of maximum until momentary muscle fatigue at 8
repetitions. 23, 24 Weights are increased from one pound, in one-pound increments, and theraband resistance is increased, progressing from yellow to red to green to blue theraband (corresponding to 2 to 10 pounds of force for each percentage of theraband strain). 25 Resistance is increased throughout the trial to maintain a "somewhat hard" to "hard" level of exertion.
Comparator. The control group was designed to approximate the social interaction and attention received during the exercise intervention. Control participants receive monthly health education classes in a group class format to provide social interaction. Sample topics include bone health, managing urinary incontinence, fall prevention, and stress management. Additionally, the study coordinator calls participants on a monthly basis to record 7-days of pedometer reading, and collect safety log information for monitoring adverse events.
Blinding. Participants and class instructors in this study cannot be blinded. However, the primary outcome measurement of change in Cobb angle of kyphosis from lateral spine radiographs will be made by an investigator blinded to group allocation. Furthermore, all measurements of physical function are collected by an investigator blinded to group allocation.
Data Collection and Management
Operating procedures, informed consent, scripts for telephone screening and teaching the exercise intervention, data forms, and checklists for visits are in the Study of Hyperkyphosis, Exercise and Function (SHEAF) Study Manual. The study schedule, the hypotheses and analyses are shown in Tables 2 and 3 , respectively. A research assistant/coordinator initially screens participants for the study on the telephone or via an online screening tool followed by a telephone screen. Study staff obtains informed consent and performs an in-person clinic screen to ensure that participants meet all study criteria, and collect baseline demographic and health information. Once approval to participate is obtained from the primary care provider, participants attend a run-in meeting, where they receive a reference manual with study contact information, time and location for testing and class visits, and a pedometer with instructions to wear for 7-days prior to their baseline testing.
A UCSF Clinical Research Center (CRC) exercise physiologist performs the physical performance tests. Data is entered via Research Electronic Data Capture (Redcap) forms into a secure database. Every hour, pre-programmed error-checking programs scan incoming forms for completeness, data ranges, and logic sequences, and study personnel are notified to correct any errors. The data are stored and accessible to the data analyst for transforming the data to SAS for viewing, reporting, and analyses.
Primary Outcome
The primary outcome is change in kyphosis from baseline to 6-months, measured using the gold standard Cobb angle of kyphosis derived from standing lateral spine radiographs and a standardized protocol for thoracic kyphosis (T4-T12). 26 We will perform exploratory analyses using the centroid method for measuring Cobb angle from lateral spine radiograph and the Debrunner kyphometer external measurement of kyphosis.
27
Secondary outcomes. Secondary outcomes are 3-, 6-, and 12-month changes of physical function and health-related quality of life.
Physical function. The modified Physical Performance Test (modified PPT) is a composite
measure of several aspects of physical function in aging adults. 28 The modified PPT includes 7-item timed standardized tasks: 50-foot floor walk, putting on and removing a lab coat, picking up a penny from the floor, standing up five times from a 16-inch chair without the use of arms, lifting a 7-pound book to a shelf, climbing one flight of stairs, and standing with feet together, and two additional untimed tasks: climbing up and down four flights of stairs and performing a Other measures. Questionnaires are used to collect demographic data and medical history (eg.
current medications and medical co-morbidities in the past 5 years) at the screening and baseline study visit. We measure height and weight using standard methods, and bone density of the hip and spine using the GE Lunar Prodigy Dual X-ray Absorptiometry at the baseline visit. We are using a standardized protocol for spine muscle flexor and extensor strength 16 with the Biodex 3 (Biodex Medical Systems Inc.) computerized dynamometer and the spine attachment to measure peak torque to body weight muscle strength. (RSI Systems, Boulder, CO). We are obtaining axial images from abdominal quantitative computed tomography lateral scout scans at the L4-L5 disc space (GE9800 Advantage; General Electric, Milwaukee, WI) and calculating spinal extensor muscle density (HU) using specialized proprietary software. Vertebral fractures will be calculated from T4 to L4 baseline standing lateral spine radiographs. Physical activity level is measured at baseline, 3-month, 6-month and 12-month study visits using the Physical Activity Scale for the Elderly (PASE) questionnaire, 35 and an Omron step counter for 7 days. Pain and pain interference data is collected at each visit.
Harms. Participants are asked to report adverse events to the study staff. Strategies to enhance retention. All participants are remunerated $100 upon completion of the study. All participants also receive a copy of the study exercises on DVD, an exercise manual with study concepts and photographs of the exercises, a foam roller and theraband. Participants in the intervention group receive up to 72 1-hour group exercise classes, and participants in the control group receive 4 1-hour health education meetings and an individual 1-hour session with the study physical therapist after their 6-month testing visit. Both groups receive copies of their DXA and x-ray reports upon completion of the study. Throughout the study, parking is reimbursed for study visits or taxi vouchers are provided for the testing visits.
Sample size estimation. We calculated the minimal effects detectable with 80% power in 2-sided tests with a type-I error rate of 5%, in a sample size of 100 subjects, allowing for withinsubject correlation of the baseline and 6-month outcomes, and loss to follow-up of 20% of participants. Results shown in Table 4 strongly suggest that the study is powered to detect clinically meaningful effects.
The minimum detectable effects for kyphosis and Physical Performance Test (PPT) in Table 4 are consistent with our uncontrolled pilot study results, even if regression to the mean and spontaneous improvement accounted for ½ of the mean improvement of 6 degrees in kyphosis and 2 points in PPT. Standard methods for ANCOVA, positing reductions in residual variance by a factor of 1-r 2 due to adjustment for the baseline value of the outcome, were used to obtain these estimates with r representing the within-subject correlation. Using data from the pilot study, we estimated r as 0.8 for kyphosis and PPT, and 0.85 for gait speed; we also used pilot data to obtain residual standard deviations (5, 2.6, and 0.18 respectively).
Analyses
Reporting will be in accordance with SPIRIT guidelines. The primary analyses will be by treatment assignment, without regard to adherence to the intervention. Changes in Cobb angle of kyphosis at 6 months will be the primary endpoint. Given fiscal and feasibility limitations on this single-site study, tests of treatment effects on 6 additional physical function and 3 HRQoL measures (Aim 2), as well as muscle strength and density (Aim 3), and all comparisons at 1 year, will be regarded as secondary and analyzed without penalty for multiple comparisons, but with results clearly presented as hypothesis-generating. We will use t-tests, Wilcoxon, chi-square, and exact tests as appropriate to compare the treatment and control groups in terms of baseline age, gender, co-morbidities, vertebral fractures, degenerative disc disease, and level of kyphosis. If between-group imbalances are found, sensitivity analyses will be conducted adjusting for the imbalanced covariates. However, the primary analysis will be unadjusted, to avoid inflation of type-I error and erosion of confidence in the results due to model selection. ANCOVA will be used to assess effects of the intervention on changes from baseline to 6 months in the primary and secondary endpoints. The models will include fixed effects for treatment, the baseline value of the outcome, and wave of recruitment. Normality and equality of variance of the residuals will be checked and achieved using transformation if necessary. We will also check for non-linearity in the effect of baseline value of the outcome, as well as its interaction with treatment assignment. In secondary analysis, the same approach will be used for changes from baseline to 1 year. In exploratory sub-group analyses, we will assess differences in the treatment effect by baseline kyphosis, split at the 75 th percentile, number of co-morbidities (≥2 vs 0-1), and presence of vertebral fracture. Finally, we will use the methods of Bland and Altman to assess the agreement of radiographic and Debrunner kyphosis measurements, then assess treatment effects using the Debrunner measurements. After we assess intervention effects on muscle strength and density, we will then use structural equation modeling to assess the pathways through which the intervention affects physical function. We hypothesize that the intervention will have direct effects on function, as well as indirect effects on function via kyphosis, muscle strength, and density; we also hypothesize an indirect effect of the intervention on kyphosis via strength and density. These analyses will control for potential confounders of the changes in kyphosis and strength including age, baseline kyphosis severity, degenerative disc disease, physical function, and vertebral fractures.
Trial monitoring. The principal investigator has primary responsibility for the overall conduct of the study, the study manual and chairing study meetings with the co-investigators. The principal investigator and lead investigators meet after each wave of the study to review the progress of the study and address any human subject issues that occur. These discussions may involve adverse event prevention measures, subject accrual issues, research staff training on protection of human subjects, and occurrence of adverse events. Lead investigators will contribute expertise in design and analysis, and contribute to overall study progress.
Data Safety Monitoring Board. The Data Safety Monitoring Plan provides for an external, objective Data and Safety Monitoring Board (DSMB) comprised of 3 arm's length members who review safety of study participants after each wave of the study. Blinded safety data is communicated to all DSMB members. The DSMB reviews annual reports prepared by the PI, statistician, and data management staff on the progress of the project including data on enrollment, comparison of target to actual enrollment, overall status of the study participants, adherence to the study interventions, and information on race/ethnicity, gender, adverse events, and serious adverse events. The DSMB determines whether the study should continue, be terminated, or modified based on observed beneficial or adverse effects.
Ethics and Confidentiality
The study has received approval from the University of California at San 
Discussion and Dissemination
We propose to evaluate the efficacy of a single-site randomized trial of a targeted multi-modal spine strengthening exercise program in community-dwelling adults 60 years and older with hyperkyphosis. A recent systematic review of the effects of exercise on hyperkyphosis supports the need for an adequately designed randomized controlled trial examining the effect of exercise on hyperkyphosis. 17 Furthermore, efforts to prevent or treat osteoporosis related spinal kyphosis have identified the need for more comprehensive assessment of health outcomes in older adults with excessive kyphosis, including comprehensive assessment of symptoms, impact, and treatment benefit for kyphosis. 15 The population is aging although physical function status is not keeping pace. 36 Individuals are living longer with greater impairments in physical mobility. There is sparse quality evidence of the effects of targeted spine strengthening exercise on kyphosis. Few trials have assessed the effects of a multi-modal spine strengthening exercise program on physical function, specifically mobility function, which is known to be impaired in individuals with hyperkyphosis. We are conducting a high-quality randomized controlled trial that is adequately powered and utilizes
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validated outcome measurements of kyphosis, to investigate the effects of a multi-modal spine strengthening exercise program on both our primary outcome of kyphosis as well as secondary outcomes of physical function. If the exercise intervention results in a change in kyphosis and/or physical function, we will examine the pathways of change in order to determine whether changes in kyphosis, spinal muscle strength and/or density are responsible for the change in physical function. Furthermore, if we find that hyperkyphosis and physical function can be improved by a multi-modal spine strengthening exercise program, this evidence could enable providers to recommend early intervention for hyperkyphosis to prevent or delay hyperkyphosis associated physical disability.
Our study has some limitations including that we are recruiting a healthy community-based group of adults 60 year and older and are excluding individuals with co-morbidities that could interfere with safe participation in a group exercise class. Therefore the results of this study will not be generalizable to frail adults 60 years and older with hyperkyphosis. Another limitation is that blinding the participants and the instructors providing the intervention is not possible. While this is not uncommon in exercise trials, we have ensured that the investigators measuring kyphosis and performing the physical function testing are blinded to group allocation.
To ensure that the results of our study will inform physical therapists in practice and have an impact on patient care, results will be presented at scientific conferences and published in academic journals. We will also disseminate the results of this clinic trial to professional groups 
